Lesser Zab is one of the most important tributaries of Tigris River. During the last few decades, the streamflow significantly decreased for long periods followed by extensive flood in short periods. This study aimed to quantify the impact of climate change on streamflow at Dokan Dam until year 2050 using SWAT model based on the scenario of medium emission (A1B) and five climate projection models. SWAT run using Climate Forecasting System Reanalysis (CFSR) was used as weather input data then calibrated and validated on monthly time step for the period from 1980 to 2013 with Nash-Sutcliff Efficiency (NSE) of 0.73 and determination coefficient (R2) 0.73 for calibration processes. The data of this period is more reliable. The result indicated to a significant decrease on the projected streamflow until year 2050 with average streamflow for the six climate models of 167 m 3 /sec in past compared with the observed streamflow of 176.5 m 3 /sec for the base period . In addition, the study shows that most runoffs come from Iranian part of the Dokan Dam Watershed with 65% of total simulated runoff. It is highly recommended to improve the efficiency of water using for current and future water projects to meet the expected water shortage.
Engineering tern trend. However, during the last century, a rapidly changing has occurred in global climate that presented by increasing in surface air temperature and decreasing in precipitation volume. The climate change may lead to unexpected impacts on the characteristics of watershed hydrology like evaporation, streamflow and sedimentation. The natural conditions and human activities are the essential cause of this rapid chaining [2] . The climate change in hydrology can be addressed as long period of drought followed by extensive flood in short term period [3] . The prediction of climate change impacts in hydrology is related to the method of climate change estimation such as scenarios of greenhouse emission, downscaling method and general circulation model (GCMs). The uncertainty can be eliminated using multiple emission scenarios, GCMs and downscaling methods [4] [5] [6] . The uncertainty in the estimation of future climate is a major restriction to strategic planning for future projects related to hydrology [7] . Therefore, the prediction of watershed hydrology could explicate the result of multiple feeds of hydrologic model.
During the last few decades, Iraq faced extreme climate events represented as severe drought recorded between 2007 and 2009 followed by heavy rainfall occurred in a few months in southern parts of Iraq with almost two times of normal records [8] . Admo et al. [9] applied six General Circulation Models (GCMs) in SWAT model to investigate the impact of climate change on water resources of Tigris River under three scenarios of future climate change which are A2, A1B and B1 of highest, medium and lowest. They summarized that the precipitation will decrease in overall five tributaries (Khabour, Greater Zab, Lesser Zab, Adhaim and Diyala) of Tigris River Basin, at the same time meaning the surface and ground water will decrease as the reflection of increasing temperature and decreasing in precipitation. It is recommended to investigat the impact of climate change for each tributary alone. Abbas et al. [10] used SWAT to quantify the impact of climate change in Lesser Zab River, they indicated that the blue water will decrease by the range from 8% to 43% in 2046. In addition, the green water will decrease by 5% to 24% in 2046 under A1B scenario. Abbas et al. [11] explored the relationship between climate change and its impact on water resources of Tigris River tributaries using SWAT model. The results showed that the precipitation will be reduced by 12.6% and 21% in the period from 2049 to 2069 and distant the period from 2080 to 2099 futures, respectively under RCP8.5. Consequently, the blue water will decreases by 22.6% and 40% under RCP8.5, 25.8% and 46% under RCP4.5, and 34.4% and 31% under RCP2.6 during the periods from 2049 to 2069 and 2080 to 2099, respectively. Ali et al. [12] used Sen's slope and the Mann-Kendall test to assess the streamflow trend of Lesser Zab River for the period 1964 to 2013. They indicated that stream flow would decrease by 5.09 m 3 /month in April and 1.06 m 3 /month in November with annual rate of decreasing 1.9 m 3 /year. Wasimi et al. [13] also used SWAT model to show the impact of climate change in Tigris River for mid-term and long-term period from 2049 to 2069 and from 2080 to 2099, respectively. The result indicated that the 
Materials and Methods

Study Area
Lesser Zab originates in the north-eastern part of Zagros Mountain in Iran 
SWAT Model
SWAT is semi-distributed physically model developed by United States Department of Agriculture-Agricultural Research Service (USDA-ARS) to quantify the impact of land management on streamflow, sediment and chemical yields in large complex watersheds with different soils, land cover-land use (LCLU) and management conditions over long periods of simulation [18] . SWAT simulates the hydrologic processes in a watershed in two independent components. The first phase is the land phase of the hydrological cycle and the other is routing phase of hydrologic cycle. The first is balanced the amount of water, sediment, nutrient and pesticide loadings to the main streams in each sub basin, and the second defines the movement of water, sediments, nutrients and organic chemicals through the channel network of the watershed to the outlet. A water balance model is simulated in the land component of SWAT [19] . SWAT divided the watershed into sub basins based on watershed topography, a further subdivision of sub basins into hydrologic response units (HRUs). Each HRU have unquiet have similar slope, LCLU and soil. The runoff estimated separately in each HRU and routed to the streams to obtain total runoff from the watershed [18] . SWAT balanced the water storage in each HRU based on the Equation (1).
where: SWt is the water content in soil (mm), SWo is the initial water content in soil (mm), t is the time (days), day R is the precipitation amount (mm), Qsurf is the surface runoff (mm), a E is the evapotranspiration (mm), seep W is the water stored in vadose (mm) and gw Q is the return water from ground to surface (mm).
Input Data
The following input data were applied into SWAT: 
Calibration and Validation
SWAT Calibration and Uncertainty Programs (SWAT-CUP) is an automatic calibration program developed by (Abbaspour) especially for SWAT model calibration, validation and sensitivity analysis processes.
The SUFI-2 algorithm maps all uncertainties (parameter, conceptual model, input, etc.) on the parameter ranges and tries to capture most of the measured data within the 95% prediction uncertainty (95PPU) calculated at the 2.5% and 97.5% levels of the cumulative distribution of an output variable obtained through Latin hypercube sampling. The goodness of fit and the degree to which the calibrated model accounts for the uncertainties are assessed by two indices: R factor and P factor. The P factor is a fraction of measured data bracketed by the 95PPU band. The P factor varies from 0 to 1, where 1 is the highest value, that is, 100%
bracketing of the measured data. The R factor is the average width of the 95PPU band divided by the standard deviation of the measured variable. A value less than 1 is reported to be desirable for this parameter [23] . These two indices can be used to judge the strength of the calibration. A larger P factor can be achieved at the expense of a larger R factor. Hence, often a balance must be reached between the two. When acceptable values of R and P factors are reached, then the parameter uncertainties are the calibrated parameter ranges. SUFI-2 allows usage of different objective functions such as R2 or Nash-Sutcliff efficiency (NSE) [24] . In this study, we used NSE and PBIAS (Moriasi et al. 2007 ) for discharge and root mean square error for crop yield [25] .
Results
The result of watershed modeling showed of 35 sub basins and 826 HRUs for entire DDW. For the MODIS land cover, the DDW includes the land cover class is listed in Table 1 . The pasture occupied approximately 57% of total land cover followed by agricultural land with 31% of total watershed area. Table 2 shows the calibrated parameters and the rank of each one based on the sensitivity analysis. The SCS runoff curve number parameter is the most sensitive parameter for DDW followed by groundwater delay. According to sensitivity analysis processing by SWAT-CUP, the snow parameters (parameters with ranks 7 to 10) show a significant sensitivity in DDW this is because most of participation that fall in watershed in snow mode especially winter.
The result of calibration shows a good correlation between observed and simulated with NSE and R2 of 0.73 for both and P factor and R factor of 0.85 and 1.04, respectively (Figure 3 ). In addition, the validation process also showed good correlation with NSE, R2, P factor and R factor of 0.7, 0.71, 0.82 and 0.9, respectively. This result is considerable as indicated by [26] where the NSE greater than 0.5 the simulation is satisfy while a good simulation could be considered if NSE greater than 0.75.
The spatial distribution of streamflow sources shows the Iranian part of DDW contributed by 65% of total streamflow flow recorded in Dokan Dam.
The impact of climate change shows that the streamflow will significantly decrease for all six-climate models with significant decreasing in March and April as shown in Figure 4 . The gfdl_cm2_1.1 shows most decreasing in streamflow with average future discharge 250 and 209 m 3 /sec in March and April compared with 400 and 415 m 3 /sec in the past. The miub_echo_g.1 model shows highest prediction for future streamflow among other five models with approximately the same streamflow for months from October to January while, the decreasing in predicted streamflow for months from February to April. The giss_model_e_r.1, mri_cgcm2_3_2a.1 and bccr_bcm2_0.1 models show almost the same pattern in future prediction with SWAT model.
The average annual streamflow for all six models is shown in Figure 5 . The figure indicated to a significant decreasing in streamflow until 2050 with about 167 m 3 /sec compared with 176.5 m 3 /sec of average annual streamflow recorded for the period from 1980 to 2013.
This decrease due to climate change should be seriously considered. Decision makers are to put a prudent plan to minimize the effect of this reduction of the flow. Perhaps modern irrigation techniques are to be implemented as well as augmenting water using water harvesting projects and wastewater treatment and reuse techniques. 
Conclusions and Recommendations
In this study, SWAT is implemented successfully in Lesser Zab River to predict the future impact of climate change on streamflow. The CFSR weather data are considered as the reasonable source for weather input data especially in ungagged watersheds or for watersheds of missing weather data. The calibration process showed that the snow parameters have a significant sensitivity in DDW so it is recommended considering these parameters in future modeling. The study shows a decreasing in future streamflow for DDW from 176.5 m 3 /sec in past to 167 m 3 /sec. It is recommended using other climate models with other scenarios of greenhouse emission to see the effect of climate change on the area. In all cases, no matter what the exact reduction of the flow is, prudent measures are to be taken to minimize the effect on the population of that area and agricultural and industrial activities. New non-conventional water resources techniques and using modern irrigation methods can greatly help to overcome the problem.
